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Abstract. The reactions 7 p —* Aandyp — * JiT^ 17° were measured in the energy range from threshold 
up to a photon energy of 2.6 GeV. The data were taken with the SAPHIR detector at the electron stretcher 
facility, ELSA. Results on cross sections and hyperon polarizations are presented as a function of kaon 
production angle and photon energy. The total cross section for A production rises steeply with energy 
close to threshold, whereas the 17° cross section rises slowly to a maximum at about Ej = 1.45 GeV. 
Cross sections together with their angular decompositions into Legendre polynomials suggest contributions 
from resonance production for both reactions. In general, the induced polarization of A has negative values 
in the kaon forward direction and positive values in the backward direction. The magnitude varies with 
energy. The polarization of X"" follows a similar angular and energy dependence as that of A, but with 
opposite sign. 

PACS. 13.60.Le Meson production 



1 Introduction 

The production of open strangeness in photon-induced 
hadronic processes on protons provides a tool to investi- 
gate the dynamical role of flavours, since a strange quark- 
antiquark pair is created. This study contributes to the 
search for missing non-strange resonances which decay 
into strange particle pairs (see e.g. 0131 )■ 
We report on measurements of total and differential 
cross sections and hyperon polarizations in the reaction 
channels jp — > A {A P^r^) and -fp — > U'^ 
(i7° ^ Aj; A ^ pTr~) between threshold and a photon 
energy of 2.6 GeV. 

The data were taken with the magnetic multiparticle de- 
tector, SAPHIR j4j, at the 3.5 GeV electron stretcher ac- 
celerator, ELSA with electron beam energies of 2.8 GeV 
and 2.6 GeV. 

Results from SAPHIR on the reactions 7 p ^ A and 
7P ^ U^, based on 30 million triggers taken in 1992- 
94 with photon energies up to 2.0 GeV, were already pub- 
lished 0. 

The new results reported here come from four data taking 
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Fig. 1. Sketch of the SAPHIR detector. 

periods in 1997/98 where 180 million triggers were col- 
lected with tagged photons in an extended energy range 
up to 2.65 GeV. 

The data are available via the internet^. 



2 Experiment and event reconstruction 

The magnetic multiparticle detector, SAPHIR 4 , is shown 
schematically in Fig. ^ The extracted electron beam was 

^ http://saphir.physik.uni-bonn.de/saphir/publications.html 
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directed on a radiator target to provide a photon beam 
which was energy-tagged over the range from about 
0.85 GeV to 2.65 GeV (0.8 GeV to 2.45 GeV for elec- 
trons of 2.6 GeV). The data taking was based on a trig- 
ger defined by a coincidence of signals from the scattered 
electron in the tagging system with at least two charged 
particles in the scintillator hodoscopes of SAPHIR and no 
signal from a beam veto counter of non-interacting pho- 
tons. 

The SAPHIR detector was upgraded for this data taking. 
A new tagging system with a larger photon energy range 
ITHBj was installed. The tagging system and the photon 
beam veto counter were used to measure the photon flux. 
The tagging system comprises 14 scintillation counters for 
triggering and time definition and 2 multi-wire propor- 
tional chambers defining 703 energy channels. Each scin- 
tillation counter is connected to a scaler. Approximately 
every 0.4 seconds a minimum bias trigger defined by an 
electron that hits a counter in the tagging system starts 
a full read-out of the SAPHIR data including the scalers. 
This event sample was used to calculate a normalisation 
factor, based on Nf. as the number of hits in all tagging 
scintillators and N^^ as the number of coincidences be- 
tween the photon veto counter, the energy channel i, and 
the associated tagging scintillator. Multiplying the ratio 
N^^ I Ne. with the total number of hits in the tagging scin- 
tillators for a run period provides the photon flux for the 
channel i. Thus, since data taking and flux normalisation 
take place simultaneously, any inefficiency of the tagger, 
even if it varies during the data acquisition, is automati- 
cally taken into account. 

A planar drift chamber with the same hexagonal drift 
cell structure as the central drift chamber has been added 
downstream of the central drift chamber in order to im- 
prove the track reconstruction in forward direction PJ. 
The drift chambers were filled with a gas mixture of neon 
(63.75%), helium (21.25%) and isobutane (15%). By in- 
cluding the hits of the forward drift chamber in the track 
fit the momentum resolution for tracks crossing the for- 
ward drift chamber was improved on average by a factor of 
five pp. The momentum resolution Ap/p for a 300MeV/c 
particle measured in the central drift chamber is about 
2.5 %. The forward drift chamber ameliorates the momen- 
tum resolution to about 1 %. For 1 GeV/c particles Ap/p 
is 7.5 % in the central drift chamber and 1.5 % with assis- 
tance of the forward drift chamber 

Events were reconstructed from measurements of the in- 
cident photon in the tagging system and charged particles 
in the drift chamber system. 

3 Data selection 

The event samples were selected by a sequence of cuts. In 
a first step events with one track of a negatively charged 
and two tracks of positively charged particles were se- 
lected. Then the reconstruction of a secondary vertex was 
required, which could be a candidate for a A —f pTr~ de- 
cay, and the three-momentum of the A candidates was 
reconstructed and combined with the remaining positive 



track considered as a candidate for the reconstruction 
of the vertex of the primary jp interaction. 
In the next step of selection it was required that an event 
passes a complete kinematic fit for the hypothesis "fp—^ 
K'^ yl or 7 p at the primary vertex with A 

pTT~ at the secondary vertex and, in case of 17", also with 
S'^ — > as additional constraint. If an event fitted both 
hypotheses, the reaction with the higher probability in the 
kinematic fit was accepted. 

For events which passed the fit procedure the missing 
mass was calculated from the four-momenta (built up with 
the measured three-momenta combined with mass assign- 
ments) of the particles at the primary vertex according 
to 

The distribution of the missing mass is shown in Fig. |21 
Clear signals are seen for A and as well as indications 
of excited hyperons on top of background events. 




0.6 0.8 1 1.2 1.4 1.6 1.8 2 



m^p_K+ [GeV/ c^] 

Fig. 2. Distribution of the missing mass m^p_^+ after the 
selection based on the event topology. 

The background was reduced by a sequence of cleaning 
cuts: 

— The events were required to have a primary vertex in- 
side the sensitive target volume (within resolution lim- 
its). 

— The missing mass p- k+ was required to be in 
the range 1000 MeV < m^p^K+ < 1240 MeV for 
events selected as 7p A and 1050 MeV < 
m^p_x+ < 1350 MeV for events selected as 7p — > 
K+ 2J'>. 

— The invariant mass, reconstructed from the four-mo- 
menta of the proton and pion at the secondary vertex 
(before the kinematic fit) according to 

mA = {p°'":' + P°"*)2 , 

had to be consistent with the nominal A mass within 
the range of ±8 MeV. 

— The probability of the kinematic fits had to be greater 
than IQ-io. 

After these cleaning cuts the data samples contained 51977 
events selected as 7 p ^ K'^ A and 54388 events selected 
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as 7p — > K'^ . The missing mass distributions of both 
event samples are shown in FigEl The migration of events 
from one reaction to the other has been estimated by 
means of Monte-Carlo simulated events and the cross sec- 
tions were corrected correspondingly (see Section ^ . 
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Fig. 3. Distribution of the missing mass m.^p„^+ for events 
from the reactions 7p ■ ""-^ — - 

selection cuts. 
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Fig. 4. Distribution of the invariant mass niA for the events 
selected as 7p ^ A"*" A and 7p ^ X"" respectively. The 
vertical lines mark the nominal position of the A mass. 
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Fig. 5. Distribution of the reconstructed A decay time for 
measured events associated with the reaction 7p A. 
The solid line is explained in the text. 
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Fig. 6. Distribution of the reconstructed A decay time for 
measured events associated with the reaction 7p — > X". 
The solid line is explained in the text. 

positions of primary and secondary vertices, which was 
verified with Monte-Carlo simulated events 0. 



Fig ^ shows the distribution of the invariant mass tua af- 
ter the selection cuts. The resolution of the reconstructed 
A mass is about 2 MeV. 

The reconstructed A decay time distributions of both data 
sets (if+yl, if are shown in Figures and El The 
solid line describes a fit to an exponential function f{t) = 
a ■ e"*/'^'^ carried out in the time-range of constant accep- 
tance without using the first time bin. The parameter a 
was determined in the fits, while ta has been fixed to the 
PDG lifetime value [HI- The decay time distributions are 
well described by the fits for both reactions (the values of 
per degrees of freedom, nd/, are given in the figures). 
Possible background from other reactions which have two 
positively charged and one negatively charged particles 
in the final state, such as 7p — s- ptt+tt" and 7p — > 
pi:'^ TT^ TT*^ (7P — > riTr"*" it" tt~^ is suppressed by the kine- 
matic fit), are expected to contribute mainly at small de- 
cay times. A corresponding excess of events is not vis- 
ible. Instead, a loss of events is observed in the first t 
bin {0 < t < 10^^" s), which is due to a migration ef- 
fect caused by the limited resolution of the reconstructed 



4 Acceptance corrections 

The acceptance of events, which were measured in the 
SAPHIR setup and had passed reconstruction and selec- 
tion, was calculated using a simulation package which was 
developed for SAPHIR based on GEANT 2.0 ilOj. 
The simulation of the response of the detector components 
comprised the photon tagging system |11II12|I5| . the scin- 
tillator hodoscopes 13,8 and the drift chamber system 
pp. The efficiencies of the tagging system and scintillator 
hodoscopes, which together with the beam veto counter 
defined the trigger efficiency of the data taking, were de- 
termined separatly from the data of the four data taking 
periods and included in the simulations. 
The simulation of the drift chamber system was carried 
out at a very detailed level pp. In particular, the statisti- 
cally distribution of the ionization deposits along a track of 
a charged particle in a drift cell were taken into account so 
that the drift length of the electron cluster, which is clos- 
est to the signal wires, can be longer than the distance 
of closest approach of the track to the signal wire (see 
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Fig. 7. Two particles, passing the hexagonal drift cells of a 
planar drift chamber, ionizising drift chamber gas molecules as 
germs for the production of electron clusters along the particle 
tracks. 

Fig.[7J. With the gas mixture used for the chambers (see 
Section 121) this effect was important. While the mean free 
path length between two ionization deposits, for a par- 
ticle velocity fi k, 0.5, is of the order of 200 /xm, which 
corresponds to the spatial resolution of the chambers^, for 
(3 « 0.9 it increases up to 2 mm PP. 
Drift times simulated at this level describe measured dis- 
tributions well. This is demonstrated for the final state 
p7r+ TT^ and two (3 values in Figs.|Hland|ni If the ionization 
cloud, which determines the drift time, is displaced from 
the point of closest approach, the actually measured drift 
time is delayed and the drift distance calculated from the 
drift time appears prolongated with respect to the mini- 
mum distance. Because the mean free path length grows 
with fi one observes on average a shift of drift times to 
higher values with increasing (3 values (see Figs. |H1 and EJ- 
This is most obvious when looking at the rise of both spec- 
tra, which is steeper for low (5, and the broadening of the 
maximum with /3. 

The spread of the ionization clouds along the track ac- 
cording to the free path length in the chamber gas also 
affected the reconstruction of the tracks, because hits with 
significantly prolongated drift distances disturb the track 
fit calculations directly. That means: In case that the dif- 
ference between the true and the minimum distance (see 
Fig. UI) is much larger than the drift chamber resolution, 
such hits give large contributions to the value of the 
track fit, because in the track reconstruction it has to be 
assumed that drift times are related to the point of closest 
approach. Such disturbing hits were removed after the first 
track fit iteration: If the determined drift distance differed 
by more than three times the maximal spatial resolution 
of 300 /Ltm from the distance between the fitted track and 
the signal wire after the first fit, then the hit was rejected. 
This procedure removed also hits with other problems in 
the track reconstruction like wrongly resolved left-right 



^ The spatial resolution is a function of (3 and changes be- 
tween 150 /im and 300 /im U|. 
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Fig. 8. Drift time spectrum for drift times produced by par- 
ticles in experimental and simulated events of reaction 7P — > 
p-K^ Tv' with velocities /3 ~ 0.5. 
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Fig. 9. Drift time spectrum for drift times produced by par- 
ticles in experimental and simulated events of reaction fp—* 
pn^ ■K~ with velocities /3 ~ 0.9. 

ambiguities between tracks and signal wires, to give just 
an example. 

The final track fit was carried out with the remaining hits 
in the central drift chamber (14 detection layers) and in 
the forward chamber (12 layers). The distribution of the 
number of hits used for the final track fit is well described 
by simulated events. This is shown in Fig. ^1 again for 
P « 0.5 and (3 « 0.9. 

The acceptance was calculated from simulated events as 
the ratio of finally accepted to generated events in bins of 
photon energy and kaon production angle in the cms. The 
acceptance values for both reactions, jp — > A and 
7P — > are of the order of 10% and do nowhere 

vanish throughout the full kinematic range. 
The same simulation package was used for other reactions 
measured at SAPHIR [Slllllll5lll6| . The cross sections are 
in general consistent with existing world data in normal- 
ization as well as in energy dependence. As an example, 
Fig. llll shows this agreement for the reaction cross section 
of 7 p ~^ p 7r+ 7r~ which has been measured at SAPHIR 
with high statistics ;8;. This verifies that the acceptance 
calculations are well understood. 



K.-H. Glander et al: Measurement of 7p — > A and 7P ^ K'^ X'" at photon energies up to 2.6 GeV 



5 



2-i 22.5 



20 



in 

-h 15 

12.5 
10 
7.5 
5 
2.5 




Experiment 
Simulation 



jS « 0.5 



10 12 14 16 18 20 22 24 26 

number of hits per track 



25 
22.5 
20 



in 

b 15 

12.5 
10 
7.5 
5 
2.5 




Experiment 
Simulation 

0.9 



10 12 14 16 18 20 22 24 26 

number of hits per track 

Fig. 10. Number of hits per track after removing bad hits 
from the track fit. 
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Fig. 11. The total cross section for the reaction 7P ^ p7r^ 7r~ 
measured by SAPHIR ^ in comparison with existing world 
data [n|. 

5 Cross sections 

Cross sections Xi and their uncertainties (Ji (i = 1, . . . , N 
where N is the number of data taking periods; N is equal 
4 or 3 respectively'^) were determined as a function of pho- 
ton energy and production angle in the overall cms 



^ Three of the four data taking periods were carried out with 
an energy of the primary electron beam of Eq = 2.8 GeV. 
During one run an electron beam with an energy of Eq — 
2.6 GeV was used instead. Therefore, for the determination of 



separately for the data taking periods during the years 
1997/98. The statistically weighted mean m of the four 
(three) measurements Xi and its statistical error were 
determined according to 

N 

1 



N 

i=l ' 




The results on differential cross sections as a function of 
the production angle in the overall cms in bins of pho- 
ton energy are shown for "fp A in Figures |121 1131 
andUland for 7p K+ IJ° in FiguresHSHTBlandini and 
the numbers are given in Appendix The data points in 
Figures El to El a-re the determined weighted means m. 
The solid bars represent the statistical errors a^j- 
These errors, a^j, are based on the full statistics of the 
event samples, but cannot account for systematic uncer- 
tainties caused by differences in the run conditions. Known 
differences were taken into account in the simulation used 
for acceptance corrections. In order to take into account 
possible additional fluctuations and uncertainties between 
the runs, which were not explicitly considered in the simu- 
lations, another error ad has been calculated which is the 
standard deviation of the four measurements Xi to the 
weighted mean m given by the square root of the variance 
Vm.: 



\^N{N - 1) 



N 

E 

1=1 



(m - Xi)^ 



The dashed bars in FigureslT^tollTlshow the errors ad ob- 
tained for the iV = 4 runs. In general ad is bigger than a^- 
In cases where ad was smaller than a^,, ad was set equal 
to aw ■ Ow and ad were determined as a function of photon 
energy and kaon production angle. The error defined by 
V ad^ — Ctu^ is a measure of the systematic uncertainties 
due to fluctuations in the run conditions. 
The solid lines in the Figs. II 2lT7l describe fits with Legen- 
dre polynomials of the form 



da 



' L = 4 



d COS (61 55?") 



The phase space factor q/fc is given by the ratio of kaon 
to photon momentum in the overall cms. 
The fitted coefficients a; of the Legendre polynomials are 
shown as a function of photon energy in Figures lT^ and lT^ 
The coefficients show clear structures indicating rapid 
changes of the production mechanisms. 
It is worth to mention that the energy dependence of 
the coefficients oq, a\ and ai in Figures ITHl and [T^ de- 
pends only weakly on the choice of the maximum an- 
gular momentum, i, and good values for the Legen- 
dre fits were obtained for L-values between 2 and 4. For 
i = 4 the mean of all values is 0.8 and 90% of all fits 

the differential cross sections the data of this run were not used 
for photon energies, E^, above 2.4 GeV. 
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Fig. 12. Differential cross sections of 7p A for photon energies 0.9 GeV < < f .4 GeV. The solid and dashed bars 

represent errors and era (see text). The solid lines describe fits of Legendre polynomials to the data. 
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Fig. 13. Differential cross sections of 7p A for photon energies 1.4 GeV < < 2.0 GeV. The solid and dashed bars 

represent errors and era (see text). The solid lines describe fits of Legendre polynomials to the data. 
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Fig. 14. Differential cross sections of 7p ^ A for photon energies 2.0 GeV < < 2.6 GeV. The solid and dashed bars 
represent errors and era (see text). The solid lines describe fits of Legendre polynomials to the data. 
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Fig. 15. Diflercntial cross sections of 7p 27" for plioton energies 1.05 GeV < < 1.55 GeV. The solid and dashed 

bars represent errors aw and ad (see text). The solid Unes describe fits of Legendre polynomials to the data. 



10 



K.-H. Glander et al.: Measurement of 7p — > A and 7p K'^ at photon energies up to 2.6 GeV 




0.2 



0.2 



0.2 



1.85 < < 1.9 


















1 -0.5 





0.5 1 


1.95 < < 2.0 












j ■ ' * *i* "Hr*" 


1 1 


1 1 1 1 1 1 1 


1 -0.5 





0.5 1 


; 2.05 < < 2.1 












1 -0.5 





0.5 1 






cosier:) 






-1 



-0.5 



1 



0.5 

cos(0r) 

Fig. 16. Diflercntial cross sections of 7p 27" for plioton energies 1.55 GeV < < 2.15 GeV. The solid and dashed 

bars represent errors aw and ad (see text). The soUd Unes describe fits of Legendre polynomials to the data. 
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Fig. 18. Legendre polynomial fit coefficients from differential cross sections for the reaction 7P — > yl as a function of the 
photon energy. For explanation of the vertical lines see caption of Fig. 1201 
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Fig. 19. Legendre polynomial fit coefficients from differential cross sections for the reaction 7P ^ as a function of the 

photon energy. For explanation of the vertical lines see caption of Fig. 1211 
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Fig. 20. Total cross section of jp A. The vertical lines indicate the threshold energy of jp — > K'^ (dotted), mass 
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to 7p — > A and 7p S'^ give values for 

between 0.4 and 1.4. For L — 3 the mean of is 1-1 
and 90% of the values vary between 0.5 and 1.7. For 
L = 2 the mean is 1.3 with 90% of the between 0.6 and 
2.3. Because the fits for L = 4 deliver the best description 
over the full angular range (especially for the very forward 
and backward regions) , L = 4 was used for the fits shown 
in Figures [121171 

The reaction cross sections were determined as a function 
of energy by integrating the differential cross section over 
the angular range. They are shown for jp — > A in 
Fig.EOland for 7p ^ K+ S° in Fig. ED 
Solid and dashed error bars were determined for the total 
cross sections by quadratic addition of the single errors 
in the angular bins of the differential cross sections per 
energy bin, separately for and ad- 
For comparison, previous measurements of the total cross 
sections are also shown in Figures EH and |^ the mea- 
surements of the ABBHHM collaboration 17 and the 
SAPHIR cross section from the first data taking periods 
in 1992-1994 (fij (this older SAPHIR data are not included 
in the current analysis). 



6 Mutual event migrations of reactions 

-fp ^ K+A and -fp K+ 

A remaining source of background originates from the mi- 
gration between yp — > A and yp — > S'^ (see 
Fig. O. This background was determined from Monte- 
Carlo generated events and was found to be on average 
at the level of 7% for K+A to K+S° and less than 2% 
for K'^S^ to K'^A respectively The estimated cross 
sections corresponding to this background as a function 
of photon energy and kaon production angle are shown in 
Fig. EH 

All presented cross sections were corrected for this back- 
ground in bins of photon energy and kaon production 
angle. 



7 Systematic errors 

The error estimates of cross sections shown in figures and 
tables do not include the overall systematic uncertainties 
which are described in the following: 

— The event selection includes a cut on the probabil- 
ity of the kinematic fits which was set to P(x^) > 
10^^°. From comparing the probability distribution of 
experimental and simulated events after the selection it 
was estimated that the calculation of the cross section 
has an overall systematic normalization uncertainty of 
about 5% throughout the energy range W by which the 
true cross sections are systematically underestimated. 

— Background from other reactions was estimated from 
Monte-Carlo generated events which passed the same 
reconstruction and selection criteria as the experimen- 
tal events. The relative contribution from reactions 



which yield non-negligible contributions to the back- 
ground are shown in Tabled 

For the cross section of 7p A the background 

reactions account for overall 5% at lower photon ener- 
gies {E^ < 1.8 GeV) and 7% at higher photon energies 
{E^ > 1.8 GeV). For jp K+ E° the correspond- 
ing fractions are 7% and 14% respectively. This means 
that the true cross sections are systematically overes- 
timated by these fractions. 

The systematic shifts of cross sections caused by the two 
sources concern the overall normalizations. They are as- 
sumed to be independent from each other and opposite in 
sign so that they approximately cancel each other except 
for 7p — > S'^ at the higher photon energies where 
they combine to a 9% excess due to background events. 
The errors on cross sections given in figures and tables do 
not include these normalization errors. 




Fig. 22. Differential cross sections of background due to mu- 
tual migrations of 7p ^ A and yp —* . 

(a) 7p X'" falsely identified as 7p — » A. 

(b) yp ^ A falsely identified as 7p ^ K'^ S'^ . 
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Table 1. Background from other reactions which contribute to the cross sections of the reactions 7P — > K'^ A and 7p — > 
in two energy ranges. 





^ K+ A 


7P ^ K+ E° 


Background from 


< 1.8 GeV 


> 1.8 GeV 


E^ < 1.8 GeV 


E^ > 1.8 GeV 


7P pTr"*" n~ 

7P piV^ TT^ TV^ 

jp - K+An" 
-p — A'Mtt 


4.5% (±2.1%) 
0.4% (± 0.6%) 
0.0% (±0.1%) 
O.OVl (±0.{)%) 


4.7% (± 2.9%) 
2.1% (±1.5%) 
0.0% (±0.1%) 
OAYA (±0.0%:) 


2.3% (± 1.8%) 
3.0% (± 1.7%) 
1.1% (±1.0%) 
0. :.!'/( (±0.0%:) 


1.7% (±2.4%) 
10.6% (± 3.3%) 

1.7%(±1..3%) 
0.1%. (±0.3%,) 


Total 


4.9% (±2.2%) 


6.8% (±3.3%) 


6.7% (±2.8%) 


14.1% (±4.3%) 



Table 2. Global systematic errors for differential and total cross sections of the reactions 7P ^ K'^ A and 7P ^ K"^ Z'" in two 
energy ranges. A positive (negative) background value means that the calculated cross section is underestimated (overestimated) 
by the given fraction. 





yp A 


yp K+ E" 


E-y < 1.8 GeV 


E^f > 1.8 GeV 


E^ < 1.8 GeV 


E-, > 1.8 GeV 


Probability cut Pkinix'') > 10"^" 


±5% 


±5% 


±5% 


±5% 


Background from ■yp — » p7r~^n~, ■yp — » p7r"'"7r~7r" 
7P —>■ K+ A-!T°and — > K° Ait~^ 


-5% 


-7% 


-7% 


-14% 
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Fig. 23. A polarizations for yp —^ A in six bins of the kaon production angle (separated by the vertical dotted lines) and 
for five energy bins. The open circles are the results of fits to the angular distributions as given in the text. The full circles are 
results of the up-down asymmetry measurement. The two data sets are horizontally displaced for visuality. 
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1 .05 GeV < < 1 .25 GeV 1 .25 GeV < < 1 .45 GeV 1 .45 GeV < < 2.00 GeV 2.00 GeV < E^, < 2.60 GeV 




-1 1-1 1-1 1-1 1 



cosier) 

Fig. 24. X'° polarizations for 7p — » if"'" 17° in four bins of the kaon production angle (separated by the vertical dotted lines) 
and for four energy bins. The open circles are the results of fits to the angular distributions as given in the text. The full circles 
are results of the up-down asymmetry measurement. The two data sets are horizontally displaced for visuality. 
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8 Hyperon polarizations 

For reactions of the type a + b ^ c + d with unpolarized 
initial state particles and conserved parity the polariza- 
tion vector, Pd, in the rest frame of particle d is perpen- 
dicular to the production plane |18II19| . i.e. P = P n, 
with n being normal to the production plane. Thus, for 
7P ^ if + A and jp ^ the hyperons A and 

are transversely polarized, and Pa and P^o denote the 
polarization parameters. 

The polarization of A in^p — > A can be measured 
by its parity violating weak decay A — s- pir^ . The decay 
angular distribution reads PU] : 

W{cose)dQ = ^(^1 + aPACos9^ dQ 

where a — 0.642 ± 0.013 9 is the A decay parameter 
and is defined as the angle between the A decay proton 
and n in the A rest frame. 

For the reaction jp if + the polarization vector 
of the S'^ is related to the polarization vector of the A 
produced in the decay A'f 21 : 

Pa = (^Pso ■ UA 

where ua is a unit vector describing the direction of flight 
of the A in the S'^ rest frame. Averaging the event sample 
over the flight directions of A yields 

<Pa>^,^-^ - ^ Pe» 

i.e. it retains only 1/3 of the sensitivity to the polar- 
ization: 

W{cos6) ^ (^1 - ^ aPs°cos6^ dQ 

where again 9 is the proton angle in the A rest frame. 
The polarization parameters Pa and P^o have been de- 
termined by fits to the angular distributions of the decay 
proton in bins of kaon production angle and photon en- 
ergy. In a second method Pa and P^o have been deter- 
mined directly from the asymmetry of the decay angular 
distributions according to 

2 iVi - iVa „ Q Ni- N2 

rA = H , rya = , 

a Ni + N2 a Ni + N2 

with A^i and N2 being the number of events with cos 6 > 
and cos 9 < respectively. 

Both results are shown in Figures [23 and [21 and the val- 
ues from the fits are given in Appendix^ The inner and 
outer error bars refer to and ad and were determined 
according to section [S] 

9 Discussion of the results 

The total cross section of 7p — > if + A (see Fig. I2U|I rises 
steeply from threshold up to a maximum at a photon en- 
ergy of about 1.1 GeV. Then, after passing a nearby flat 



region around 1.45 GeV, it falls. The gross features of 
this shape are reflected in the fitted Legendre coefficients 
(see Fig. : The steep rise is connected with ao together 
with smaller contributions of ai and 02. The coefficient 
oi reaches a local minimum around 1.15 GeV, from where 
it rises to a local maximum at 1.45 GeV. Towards higher 
energies, ap falls continuously in magnitude while ai and 
a2 vary slowly approaching non-zero values. 
Calculations with effective Lagrangians |22II23II24II25| well 
describe previous SAPHIR data for the reaction ^p 

A by assuming that the production of s- and p-wave 
resonances contributes significantly to the cross section 
close to threshold, while the exchange of if* (892) vec- 
tor and if 1(1270) pseudovector mesons in the t-channel is 
more important at higher energies. All model calculations 
relate the large s-wave contribution expressed by oq to the 
existence of the S'ii(1650) excitation and the p-wave con- 
tribution expressed by ai to Pii(1710) and Pi3(1720). 
The structure of the total cross section oi ^p — *■ A 
around 1.45 GeV was already observed in previous 
SAPHIR data [H]. Model calculations which were opti- 
mized on these data so far do not give an unambigious pic- 
ture: Including these data in their isobar model Bennhold, 
Mart et al. interpreted the broad shoulder in the total 
cross section at 1.45 GeV as a signal of a £'i3(1895) reso- 
nance |24ll26ll27ll28j . Such a Di^ resonance has been pre- 
dicted within quark model calculations [2113 i'^ this mass 
range. Janssen et al. also found that the data descrip- 
tion is improved by including the Di3(1895) resonance in 
their effective Lagrangian approach, although they point 
out that also a P13, Pn and 6*11 in the same mass region 
were able to describe the data [23- Penner and Mosel 
who carried out a coupled channel analysis [23] obtain a 
fairly good description of the data without a significant 
contribution of a I?i3 resonance. They explain the struc- 
ture in the total cross section by a non-resonant p-wave 
contribution, stemming from the interference between the 
s-channel proton and the t-channel if* exchange. Saghai 
also stressed that previous 7 p ^ if A data can be un- 
derstood without introducing new resonances 29 . 
In the calculations of Bennhold et al. an enhancement in 
the differential cross section for backward produced kaons 
in reaction 7P ^ if + yl at 1.45 GeV due to the signal 
of i)i3(1895) has been predicted [271. Such an enhance- 
ment is confirmed in the new data around the expected 
photon energy of 1.45 GeV as can be seen most signif- 
icantly for kaon production angles in the range — 0.9 < 
cos{9^+'') < — 0.8 fFie. 125(1 . A similar enhancement albeit 
less pronounced is also observed over the full backward 
hemisphere. 

For 7p — > if + ^7° the total cross section (see Fig. I21II 
peaks around a photon energy of 1.45 GeV. The peak is 
also seen in the coefficients oq and 02 (see Fig. ll9|) . The co- 
efficients ai, 03 and 04 change slope at a photon energy of 
about 1.8 GeV. With increasing energy, the contribution 
of ao becomes less important while ai and, on a smaller 
scale, also 02 stay with non-zero contributions. 
Isobar model calculations for 7 p if + 17° based on 
previous SAPHIR data j^Unn] state that the bump at 
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1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 



[GeV] 

Fig. 25. The differential cross section of 7p ^ A shows an 
enhancement for backward produced kaons for photon energies 
around 1.45 GeV corresponding to a cms energy of 1900 MeV. 

1.45 GeV could stem from the A resonances iS'3i(1900) 
and P3i(1910). 

Above 2 GeV the differential cross sections of both, 7P ^ 
K'^ A and 7P — > 17°, show a forward peak with small 
contributions in the backward hemisphere only. Appa- 
rantly, in this energy range the importance of s-channel 
resonances decreases and t-channel processes gain signif- 
icance. Kaon photoproduction data for photon energies 
above 4 GeV are fairly well described by a model of Guidal 
et al. \6\\ with reggeized meson propagators. A theoretical 
understanding of the transition region itself is still miss- 
ing and the data given here should be helpful for this issue. 

Both, A and , are polarized throughout the investigated 
photon energy range. The following observations are made 
(see Figures 123 and 

— The polarization parameters varies strongly with the 
production angle of the kaon. 

— They are in general opposite in sign for A and 17°. 

— The shapes of the angular dependence indicate the 
same signature throughout the whole energy range: it 
tends to be positive for A (negative for S^) at back- 
ward angles, passes zero in the central region of 
cos{9^'^) « and shows negative (positive) values 
in the forward hemisphere. 

— The magnitude of the polarizations parameters varies 
with energy, for 7 p A less than for 7 p — > 
K+ E^. The is maximally polarized [P^o = ± 1) 
at forward and backward kaon production angles for 
photon energies above 1.45 GeV. 

The opposite signs of the angular dependence of the polar- 
ization parameters for A and are predicted from SU(6) 
1221 if the same production mechanism for the s-quark is 
assumed in both reactions. 

The persistence of the shape is surprising, especially for 
the A and production below a photon energy of 1.3 GeV, 
where resonance contributions of 5*11(1650), Pii(1710) and 
Pi3(1720) are found to contribute strongly. Note that the 
energy bin width for the polarization measurement was 



chosen to be comparable to the width of the resonances. 
Current model calculations, which are successful to de- 
scribe the cross sections in the ranges of energy and pro- 
duction angle for both reactions of previous data, do not 
describe the polarizations of A and simultaneously. 
The polarizations measured for A and are similar in 
shape and magnitude to many other results obtained with 
other beams and up to highest energies 33^.34) . thus sug- 
gesting a general s-quark production scheme |35|. 

10 Summary 

New measurements of the reactions 7 p — > A and 
7P ^ are reported. They were carried out with 

the SAPHIR detector at ELSA in the photon energy range 
from the reaction thresholds to 2.6 GeV. The results com- 
prise cross sections and hyperon polarizations as a func- 
tion of the kaon production angle and the photon energy. 
With respect to previous SAPHIR measurements the 
photon energy range was extended, the differential reso- 
lution in both kaon production angle and photon energy 
were improved by a factor of two and errors were reduced. 
The cross sections indicate resonance contributions, for A 
production near threshold and for A and production 
around a photon energy of 1.45 GeV. The hyperons are 
strongly polarized. The polarizations for A and S'^ are in 
general opposite in sign along with a pronounced forward- 
backward asymmetry which varies slowly with energy. 
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A Differential cross sections of reactions 

7P ^ E:+ yl and 7p ^ K+ 

The differential cross sections as function of kaon produc- 
tion angle and photon energy are given as m ± ad {(Jw)- 
For definitions of m, Od und cr^u see Section jS] to ± fJd 
should be used for theoretical calculations as ad accounts, 
in addition to statistical errors, for the spread of results 
obtained for the four data taking periods. It should be 
noted that the calculations of cross sections and errors 
shown in the following tables do not take into account sys- 
tematic uncertainties in the overall normalization of cross 
sections which were estimated in section 
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Sorry, there was not enough space for including the 
tables for the differential cross sections in this preprint. 
Ask for theses by email to glander@physik.uni-bonn.de or 
see the paper expected to be published soon. 

Table 3. Differential cross section [jj.b/sr] of reaction 
■yp ^ K+ Afor photon energies 0.9 GeV < Ej < 1.4 GeV. 



Table 4. Differential cross section \pb/sr] of reaction 
■yp ^ K+ Afor photon energies 1.4 GeV < E-, < 2.0 GeV. 



Table 5. Differential cross section ^ [jj,b/sr] of reaction 
yp -> K+Aior photon energies 2.0 GeV < E^ < 2.6 GeV. 



Table 6. Differential cross section \pb/sr] of reaction 
7P K+ IJ° for photon energies 1.05 GeV < E-y < 
1.55 GeV. 



Table 7. Differential cross section ^ [fj,b/sr] of reaction 
7P S" for photon energies 1.55 GeV < E-y < 

2.15 GeV. 



Table 8. Differential cross section ^ [fj,b/sr] of reaction 
7P K+ S° for photon energies 2.15 GeV < E-y < 
2.60 GeV. 
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B Hyperon polarizations 

The polarizations are given asm±ad {(Jw)- For definitions 
of TO, Ud und (Tiu see Sectional to ± Od should be used for 
theoretical calculations. 



Table 9. Hyperon polarization Pa for reaction 7p 
A for photon energies 0.9 GeV < E.y < 2.6 GeV. 



cos{e^T) 


[GeV] 


0.90-1.10 


1.10- 1.30 


1.30- 1.60 


1.60-2.00 


-1 ... -2/3 
-2/3 . . . -1/3 
-1/3 ... 
... 1/3 
1/3 ... 2/3 
2/3 ... 1 


0.161 ± 0.369 (0.153) 
0.175 ± 0.099 (0.099) 
0.103 ± 0.087(0.087) 
-0.168 ± 0.079 (0.075) 
-0.223 ± 0.066 (0.066) 
-0.288 ± 0.070 (0.070) 


0.423 ± 0.173 (0.173) 
0.171 ± 0.094(0.088) 
-0.133 ± 0.112 (0.069) 
-0.288 ± 0.056 (0.056) 
-0.460 ± 0.048 (0.048) 
-0.397 ± 0.053 (0.053) 


0.255 ± 0.195 (0.109) 
0.510 ± 0.082 (0.082) 
0.237 ± 0.065 (0.065) 
-0.135 ± 0.067(0.051) 
-0.485 ± 0.043 (0.043) 
-0.466 ± 0.051 (0.051) 


0.564 ± 0.165 (0.165) 
0.675 ± 0.143 (0.143) 
0.259 ± 0.138 (0.103) 
-0.287 ± 0.062 (0.062) 
-0.469 ± 0.049 (0.049) 
-0.491 ± 0.056 (0.056) 




[GeV] 


2.00-2.60 




-1 ... -2/3 
-2/3 ... -1/3 
-1/3 ... 
... 1/3 
1/3 ... 2/3 
2/3 .. . 1 


0.023 ± 0.304(0.304) 
-0.033 ± 0.452 (0.247) 

0.036 ± 0.184(0.184) 
-0.231 ± 0.100 (0.100) 
-0.596 ± 0.074(0.074) 
-0.696 ± 0.106 (0.068) 



Table 10. Hyperon polarization Pjjo in reaction 7p 
K+ for photon energies 1.05 GeV < E., < 2.60 GeV. 





E^ [GeV] 


1.05-1.25 


1.25-1.45 


1.45-2.00 


2.00-2.60 


-1 ... -1/2 
-1/2 ... 
... 1/2 
1/2 ... 1 


0.116 ± 0.440(0.369) 
0.052 ± 0.223(0.223) 
0.313 ± 0.180(0.180) 
0.336 ± 0.185 (0.185) 


-0.307 ± 0.391 (0.300) 
0.324 ± 0.146 (0.146) 
0.226 ± 0.113 (0.113) 
0.438 ± 0.128 (0.128) 


-0.874 ± 0.280 (0.280) 
-0.363 ± 0.143 (0.132) 
0.456 ± 0.125 (0.084) 
0.937 ± 0.089 (0.089) 


-0.806 ± 0.504(0.504) 
-0.057 ± 0.304(0.304) 
0.493 ± 0.234(0.151) 
0.839 ± 0.123 (0.123) 
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